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ORIGINAL ARTICLE

Low Levels of Exposure to Libby Amphibole Asbestos and
Localized Pleural Thickening

Krista Yorita Christensen, PhD, Thomas F. Bateson, ScD, and Leonid Kopylev, PhD

Objective: To explore the relationship between low levels of exposure to
Libby amphibole asbestos (LAA) and pleural abnormalities, specifically lo-
calized pleural thickening (LPT). Methods: Three studies presenting the risks
associated with quantitative LAA exposure estimates were reviewed, paying
particular attention to lower exposure ranges. Results: Studies reviewed were
conducted among workers exposed to LAA at mining and milling operations
in Libby, Montana, and at a vermiculite processing facility in Marysville,
Ohio, and community residents exposed to LAA from a vermiculite process-
ing facility in Minneapolis, Minnesota. Pleural abnormalities were evaluated
using radiographs. Despite differences in study populations and design, each
study found that cumulative inhalation LAA exposure was associated with
increased risk of LPT even at low levels of exposure. Conclusions: Inhalation
exposure to LAA is associated with increased risk of LPT even at the lowest
levels of exposure in each study.

L ibby amphibole asbestos (LAA) is a mixture of amphibole
fibers present in ore from the vermiculite mine near Libby,

Montana.1 Workers and community residents were exposed to LAA
at the mining operations in Libby, Montana,2,3 as well as at vermi-
culite processing facilities in Marysville, Ohio,4,5 and Minneapo-
lis, Minnesota.6 Epidemiologic studies of exposed populations in-
dicate that exposure to LAA is associated with increased risk
of adverse health effects, including lung cancer, mesothelioma,
nonmalignant respiratory disease, and noncancerous radiographic
abnormalities.2,3,5,7,8 One example of such a radiographic abnormal-
ity is pleural thickening, a condition in which the pleural lining
around the lungs (visceral pleura) or along the chest wall and di-
aphragm (parietal pleura) thickens because of fibrosis and collagen
deposits.9 This thickening has been characterized as either localized
pleural thickening (LPT) or diffuse pleural thickening (DPT), with
diffuse thickening representing a health endpoint of greater sever-
ity. In the current (2000) International Labour Organization (ILO)
classification, LPT is focal areas of pleural thickening of the parietal
pleura along the chest wall in which the costophrenic angle (CPA)
is not blunted, or on the diaphragm.10 Localized pleural thickening
has been found to be the most “sensitive” health endpoint, occurring
sooner after exposure to LAA than to other radiographic outcomes.11

Furthermore, LPT is of clinical and public health importance because
it represents a pathologic change, and although evidence is mixed,
some studies indicate that LPT may be associated with decrements
in lung function12–17 and chest pain.18

For context, previous studies have provided information on
the background rate of LPT in the general population. It is impor-
tant to note that “LPT” is a relatively recent definition, and some
studies instead use the designation of discrete pleural plaques; LPT
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may include both pleural plaques and pleural thickening that do
not involve blunting of the CPA.10 Two studies among populations,
with no reported asbestos exposure, reported a pleural abnormality
prevalence of 1.2% (4 of 326)19 and 0.2% (3 of 1422).20 Estimates
of pleural thickening prevalence have also been reported from na-
tionally representative cross-sectional studies; these populations may
include persons with occupational exposure to asbestos, leading to
higher prevalence. In the National Health and Nutrition Examina-
tion I study (1971 to 1975), the prevalence of pleural thickening was
1.2%,21 and 3.9% in the National Health and Nutrition Examination
II study (1976 to 1980).22 Finally, two studies reported prevalence
of 2.3% to 2.35% in military populations.23,24

Three recent studies have used quantitative exposure estimates
to evaluate the relationship between LAA exposure and risk of LPT.
These include two studies of occupationally exposed cohorts—the
study of workers exposed to LAA at the mining and milling facilities
in Libby, Montana,25 and the study of workers exposed while pro-
cessing Libby vermiculite in the production of lawn care products at
the O.M. Scott facility in Marysville, Ohio.5 In each case, workers
were exposed to vermiculite ore from the mine in Libby, Montana,
which was contaminated with amphibole asbestos fibers. The third
study was conducted not among workers, but among community
residents living near the Western Minerals facility in Minneapolis,
Minnesota, which also handled vermiculite ore mined in Libby, Mon-
tana, during the production of building products such as insulation
and fireproofing materials.26 Although each study evaluated the asso-
ciation between LAA exposure and increased risk of LPT, there were
differences in the exposure scenario, study population and design,
and analytic approach. The objective of this review is to compare
these three studies and evaluate the overall conclusions on the risk
of LPT at low levels of exposure to LAA.

METHODS
We searched the literature for publications that evaluated

health effects of exposure to LAA (rather than other forms of as-
bestos) specifically. Studies were selected that (1) provided quan-
titative exposure information, (2) evaluated LPT according to ILO
guidelines, and (3) had a well-defined population, allowing preva-
lence estimate calculations. This review focuses on the study popu-
lation and methods, with emphasis on the approach taken to estimate
exposure to LAA and evaluate LPT. There have been numerous stud-
ies of health effects after exposure to LAA in different populations
and subpopulations. The focus of this review is LPT, as identified on
radiographic examination in studies by Larson et al,25 Rohs et al,5 and
Alexander et al.26 These studies were selected for evaluation because
they were of populations exposed to LAA specifically (as opposed to
other forms of asbestos), and because they provided quantitative ex-
posure estimates. The findings of these studies are summarized and
compared, focusing on risk of LPT at the lower levels of exposure.

Other studies including those conducted among Libby, Mon-
tana, community residents (both workers and nonworkers) did not
provide quantitative exposure estimates.27,28 In other cases, earlier
studies were not used3,4,29 because updated reports were available
with longer follow-up times and improved exposure estimates.
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RESULTS
Study Summaries

Workers in Libby, Montana25

The study by Larson et al25 was conducted among occupation-
ally exposed workers at the mining and milling facilities in Libby,
Montana (Table 1). Participants were identified and recruited through[T1]
the Agency for Toxic Substances and Disease Registry (ATSDR)
screening program begun in 2000.27 Anyone who had lived, worked,
or played in Libby for 6 months or more before 1991 was eligible
for the ATSDR program, but this analysis focuses on former ver-
miculite workers (n = 336). These workers had both occupational
and nonoccupational (ie, take-home and background) exposures to
LAA; nevertheless, quantitative exposure estimates only considered
occupational exposures. Exposure estimates were based on work per-
formed by the National Institute of Occupational Safety and Health
to estimate cumulative fiber exposure up through 198129 along with
work done by ATSDR to estimate exposure from the early 1980s
until the Libby facility closure in 1990. Based on these sources, the
median cumulative inhalation exposure in this study population was
3.6 fibers per cubic centimeter times years (fibers/cc-yr), with an in-
terquartile range of 0.4 to 15.8 fibers/cc-yr. At the time of screening
(2000 to 2001), the median time since hire was 29.4 (interquartile
range: 25.6 to 39.3) years.

Participants were offered posterior–anterior (PA) chest radio-
graphs; they were also offered spirometry evaluation for lung func-
tion and were asked about respiratory symptoms including shortness
of breath, excessive cough, and chronic bronchitis. The chest ra-
diographs were evaluated for pleural abnormalities (including LPT,
DPT, and parenchymal abnormalities) using ILO 1980 guidelines.30

Specifically, LPT was defined as “the presence of circumscribed
plaque on the chest wall (as indicated on the International Labor Of-
fice form) or diaphragm without the presence of DPT or parenchymal

abnormalities (ie, for analytical purposes, subjects with concomitant
LPT and DPT were categorized as DPT).”25 The evaluation was
performed by two B-readers, with independent reading by a third
B-reader if the two primary readers disagreed.

Almost one-half (46%) of the workers in this study had
some form of pleural abnormality and 35% had LPT. Workers with
LPT had a mean cumulative exposure of 32.7 and a median of
5.8 fibers/cc-yr, compared with 36.8 and 2.1 fibers/cc-yr for those
without LPT.

Workers in Marysville, Ohio5

The study by Rohs et al5 also evaluated workers occupa-
tionally exposed to LAA (Table 1),5 at the O.M. Scott facility in
Marysville, Ohio. Exposure to LAA was assumed to have occurred
from 1963 to 1980 on the basis of company records. The Rohs et al5

study population consisted of 280 workers with approximately two
decades of health follow-up and radiographic assessments. Occupa-
tional exposures were estimated using work records, interviews, and
industrial hygiene measurements as described in Lockey et al,4 with
exposure estimated separately pre- and post-1973, when major pro-
cess changes in the production process were initiated.5 Overall, the
mean (standard deviation) cumulative inhalation LAA exposure was
2.48 (4.19) fibers/cc-yr, and ranged from 0.01 to 19.03 fibers/cc-yr.
The median time since first hire was 37.9 years for those with pleural
changes, and 31.0 years for those without.

The study participants (enrolled from an earlier health
evaluation study of plant workers4) were contacted for follow-up
and invited to receive a PA chest radiograph. Radiographs were eval-
uated for pleural abnormalities (LPT, DPT, and interstitial changes)
using ILO 2000 guidelines10; LPT was defined as “thickening
with or without calcification, excluding solitary costophrenic angle
blunting.” In contrast to the studies by Larson et al25 and Alexander

TABLE 1. Summary of Three Studies Evaluating the Relationship Between Libby Amphibole Asbestos Exposure
and Risk of Localized Pleural Thickening

Libby, Montana Marysville, Ohio Minneapolis, Minnesota
Larson et al25 Rohs et al5 Alexander et al26

Study population Workers (n = 336) Workers (n = 280) Community residents (n = 461)

93.2% male, median age 55.6
(IQR: 47.4– 65.8) yrs

94.3% male, mean age 59.1
(age range 44–87) yrs

52.3% male, median birth year
1951–1960 (19.3% born ≤1940;
18.4% born ≥1960)

Time of
assessment

2000–2001 2004–2005 2001–2003

Health outcome LPT evaluated by consensus of two
B-readers, 1980 ILO guidelines

LPT evaluated by median of three
B-readers, 2000 ILO guidelines

Pleural plaques* evaluated by
consensus of two B-readers, 2000
ILO guidelines

Exposure
assessment

1945–1993 1963–1980 1980–1989

Industrial hygiene measurements and
work history (JEM)

Industrial hygiene measurements and
work history (JEM)

Emissions-based modeling and
self-reported activities

Exposure levels Median: 3.6 fibers/cc-yr
(IQR: 0.4–15.8)

Mean (standard deviation): 2.48
fibers/cc-yr (4.19)

Median: 2.42 fibers/cc-yr (cases) and
0.59 fiber/cc-yr (noncases)

Analytic approach Logistic regression, exposure treated
as categorical (quartiles) and
continuous (restricted cubic
splines)

Logistic regression, exposure treated
as categorical (quartiles)

Logistic regression, exposure treated
as categorical and continuous
(log-transform)

Covariates: age, sex, smoking
history, BMI, hire era

Covariates: age, sex, smoking
history, BMI, hire era

Covariates: year of birth, sex,
occupational asbestos exposure

*Radiographic abnormalities were evaluated together as a group, and LPT was not modeled separately. Nevertheless, in the lower exposure group, all 17 cases
had pleural plaques (personal communication from Bruce Alexander, June 7, 2013).

BMI, body mass index; ILO, International Labour Organization; IQR, interquartile range; JEM; LPT, localized pleural thickening.
[AQ1]
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et al,26 all radiographs were evaluated by three primary B-readers;
the median reading was used to classify positive readings.

Over one quarter (28.7%) of participants had pleural changes
of any type; 22.9% (n = 64) exhibited only LPT, and 1.4%
(n = 4) exhibited both LPT and interstitial changes. When restrict-
ing to those participants with no exposure to commercial asbestos
(including amosite, chrysotile, and crocidolite), those with LPT (n =
56) had higher cumulative exposure (mean and median levels of 3.45
and 1.52 fibers/cc-yr), than those without radiographic abnormali-
ties (mean and median levels of 1.55 and 0.62 fibers/cc-yr). Among
these workers without other asbestos exposure, the prevalence of
LPT increased across increasing quartiles of exposure (6.7%, 18.6%,
28.8%, 40.7%) and the crude association with LPT was statistically
significant in the third and fourth quartiles (odds ratios not given).

Community Residents in Minneapolis, Minnesota26

The study by Alexander et al26 included individuals resid-
ing near the Western Minerals facility in Minneapolis, Minnesota,
which processed Libby vermiculite from 1938 to 1989 (Table 1).
Waste material was available to the community; thus, residents were
exposed not only from emissions, but also via use of waste ma-
terial in gardening or fill for driveways and yards, and through
playing on the waste material. In 2000, the Minnesota Department
of Health and ATSDR began the Northeast Minneapolis Commu-
nity Vermiculite Investigation to characterize both occupational and
nonoccupational exposures to LAA. Alexander et al26 identified for
their study the Northeast Minneapolis Community Vermiculite In-
vestigation participants who were community members, had never
worked at the facility, and had never lived with a facility worker
(n = 461). To account for potential latency between exposure and
outcome (ie, allow sufficient time for disease development), only
residents exposed before 1980 were included. Participants were
selected in stratified fashion to ensure a relatively wide range of
exposure. Exposure groups were classified as intense intermittent
exposure, long-term high ambient background exposure, and low
ambient background exposure. As detailed in the publication by
Adgate et al,6 cumulative inhalation LAA exposure was estimated in
units of fibers per cubic centimeter-month (fibers/cc-month) using
information from two sources. Background exposure was estimated
using modeled air concentrations from facility emissions, which
spanned several orders of magnitude over the period of production.
Activity-based exposure was estimated on the basis of self-reported
contact activities (eg, direct contact with waste piles, using waste
at home) in a Monte Carlo simulation, using distributions for dura-
tion, frequency, and range of fiber concentration; fiber concentrations
were taken from activity reconstruction studies performed in Libby,
Montana.31,32

Study participants received PA chest radiographs at a local
contract medical clinic. Radiographs were evaluated for pleural
abnormalities (pleural plaques, DPT, and parenchymal changes)

using ILO 2000 guidelines.10 As in Larson et al,25 radiographs were
read by two B-readers, with a third B-reader if the two primary
readers disagreed. Logistic regression models were used to evaluate
the relationship between cumulative exposure to LAA and any
pleural abnormality; results were not given for LPT or pleural
plaques alone. Nevertheless, out of a total of 49 individuals with
any pleural abnormality, 45 had pleural plaques, so that pleural
plaques represent the majority of cases overall, and among the lower
exposure group, all 17 cases of pleural abnormalities had pleural
plaques (personal communication from Bruce Alexander, June 7,
2013). The definition of pleural plaques is similar to the definitions
for LPT used in the other two studies evaluated, and is assumed to
represent LPT for comparative purposes.

The overall prevalence of any pleural abnormality was 10.8%,
and 9.8% (n = 45) of participants had pleural plaques. Of the specific
activities, playing on waste piles was also associated with increased
risk. Of note, there were substantial numbers of pleural abnormalities
even in the lowest exposure groups—for example, 17 among those
with total cumulative exposure below the median level of 0.063
fiber/cc-yr (0.0523 fiber/cc-month).

Risk of LPT at Low Levels of Exposure
The study results regarding prevalence of LPT are summa-

rized in Table 2. For each group, exposure was less than 1 fiber/cc-yr [T2]
(upper end ranging from 0.28 to 0.63 fiber/cc-yr). The prevalence of
LPT was highest in the study of Libby workers at 20%; the preva-
lence estimates for LPT in the Marysville study and LPT in the
Minneapolis study were similar (6.7% and 7.4%, respectively).

As noted earlier, previous studies have estimated the preva-
lence of pleural thickening to range from 0.2% (3 of 1422)20 to 1.2%
(4 of 326)19 among non–asbestos-exposed populations, and from
1.2%21 to 3.9%22 in general population samples of adults aged 35 to
74 years (which may include those with occupational asbestos expo-
sure). Thus, the estimated prevalence of LPT in the two occupational
cohorts evaluated by Larson et al25 and Rohs et al5 is higher than
any of the estimates of background rate of discrete pleural plaques
in previous studies—although noting that LPT may comprise both
discrete pleural plaques and pleural thickening that do not involve
blunting of the CPA.10 One possible factor that may affect prevalence
of pleural abnormalities in asbestos-exposed populations is the age
distribution of the population. The average ages among the two oc-
cupational cohorts described here were quite similar at 5525 and 59
years5; in the community study by Alexander et al,26 the median age
was between 41 and 52 years.

Although quantitative exposure information was not available
in the two studies of community residents in Libby, Montana, they
also reported significant numbers of pleural abnormalities. The study [AQ2]
by Peipins et al27 was the first report on findings from the 2000 to
2001 evaluation of the ATSDR community cohort. Participants aged
18 years or more were offered lateral oblique (right and left) as well

TABLE 2. Three Studies Evaluating the Relationship Between Libby Amphibole Asbestos Exposure and Risk of
Localized Pleural Thickening: Comparison Among Participants With Lower Exposure

Libby, Montana Marysville, Ohio* Minneapolis, Minnesota†

Group Quartile 1 Quartile 1 Quartiles 1 and 2

Exposure range 0 to <0.4 fiber/cc-yr 0.01–0.28 fiber/cc-yr 0 to <0.63 fiber/cc-yr

Prevalence 20% (n = 17 cases, 68 noncases) 6.7% (n = 4 cases, 55 noncases)* 7.4% (n = 17 cases, ∼213 noncases)

*Note that the exposure range given is for the first quartile of exposure in the entire study population (ie, both with and without exposure to other, non-LAA,
asbestos); the prevalence is calculated among those without exposure to other asbestos and may have a slightly different range of exposure. Nevertheless, it is likely
to be very similar to that shown here, on the basis of similarity between ranges for the third and fourth quartiles of exposure as shown in the published article.

†Converted from 0 to less than 0.0523 fiber/cc-month. It is assumed that 230 (461/2) individuals comprise this group. As in Table 1, note that at the lower
levels of exposure, all 17 cases had pleural plaques (personal communication from Bruce Alexander, June 7, 2013).
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as PA radiographs, which were classified according to 1980 ILO
guidelines.30 Pleural abnormalities were defined as “(1) any unilat-
eral or bilateral pleural calcification on the diaphragm, chest wall,
or other site or (2) any unilateral or bilateral pleural thickening or
plaque on the chest wall, diaphragm, or costophrenic angle site, con-
sistent with asbestos-related pleural disease”; a positive result was
recorded if noted by at least two of three B-readers. Overall, 17.8%
of participants in the community cohort (including former work-
ers) had a pleural abnormality, and prevalence was highest among
former Libby workers (51.0%). Nevertheless, results were not pro-
vided for LPT specifically, or for individuals with lower potential for
exposure. Weill et al28 also evaluated pleural abnormalities among
ATSDR screening cohort members using the same 2000 to 2001 ra-
diographs and 1980 ILO guidelines.30 In contrast to Peipins et al,27

Weill et al28 evaluated participants aged 25 years or more and only
the frontal view radiographs were used. The two pleural outcomes
were any DPT or CPA obliteration (“any two readers reporting any
diffuse pleural thickening (DPT) or costophrenic angle obliteration
(CAO), even if the readers did not agree on specifics” and pleural
plaques (“any two readers reporting any diaphragm or wall, or other
site plaques, even if the readers did not agree on specifics”). The
prevalence of pleural abnormalities increased with increasing age
and was (as expected) highest among workers from the Libby facil-
ity or other vermiculite or dusty occupations. Increased prevalence
was also noted among those with household exposure (ie, lived with
a vermiculite worker or worker in vermiculite or dusty occupation).
Nevertheless, there were also abnormalities noted among those who
did not have occupational or household exposures (ie, “environmen-
tal” exposure only, n = 1894). The prevalence of plaques ranged
from 0.4%, among those 25 to 40 years, to 12.7%, among those 61
to 90 years of age. A total of 482 persons overall had a pleural abnor-
mality excluding DPT, CPA obliteration, or profusion 1/0 or more. A
total of 4065 members did not have any of the pleural abnormalities
investigated, for a prevalence of approximately (482/(482 + 4065))
= 10.6%.28

DISCUSSION
The three studies reviewed in this report, and all examined

exposure to LAA in relation to LPT identified on radiographs.
Nevertheless, there are important differences not only in the study
populations but also in the ways that exposure and outcome were as-
sessed, the analytic approach, and the conclusions. For each study, the
average age of participants was around 50 to 60 years; nevertheless,
the exact age distribution is difficult to compare because only Rohs
et al5 provide the age range for the study population, and Alexander
et al26 give birth year in categories rather than age at screening. The
studies in occupationally exposed workers comprised more than
90% men,5,25 whereas the study of community residents had almost
equal numbers of men and women26; this could be important if sex[AQ3]
affects susceptibility to, or the time course of, development of LPT.
Of the two occupational studies, one25 occurred in a setting where
both occupational and nonoccupational exposures were very high,
and nonoccupational exposures were not unaccounted for,25 which
may explain the higher rate of LPT in this population. In the other
study,5 exposures were generally lower and considered to be limited
to the occupational setting. Nevertheless, in both cases, the exposure
estimates for earlier years are quite uncertain; in the Libby facility,
nearly all of the workers hired before 1960 were missing data
on job and department.8 In the Marysville facility, there were no
fiber measurements before 1972.33 Thus, in both cases it would be
valuable to compare results from the whole cohort, to results among
those hired during the time when more reliable exposure estimates
were available. The third study, by Alexander et al,26 was conducted
among community residents (including a higher proportion of
women compared with the other studies), and attempted to estimate
exposure both from facility emissions and from specific activities.

Nevertheless, exposure estimates relied on modeled emissions
on the basis of very sparse data from the facility stacks and
activity-based exposure reconstruction; thus, the authors estimate
that the numerical uncertainty in exposure estimates could be an
order of magnitude or more.6

Outcome ascertainment was also somewhat different between
the three studies; although all three utilized PA chest radiographs,
Alexander et al26 and Rohs et al5 used the 2000 version of the ILO
guidelines to evaluate LPT, whereas Larson et al25 used the 1980
version. Specifically, Larson et al25 reported that LPT was defined
as “the presence of circumscribed plaque on the chest wall (as indi-
cated on the International Labor Office form) or diaphragm without
the presence of DPT or parenchymal abnormalities.” In contrast, the
ILO 2000 guidelines define LPT in such a way that includes both
pleural plaques and pleural thickening that do not involve blunting
of the CPA between the rib cage and the diaphragm.10 Thus, the 2000
guidelines may include a wider range of pleural abnormality com-
pared with the more restrictive 1980 definition. Also with regards to
outcome assessment, the consensus procedure differed across stud-
ies; in the study of community residents by Alexander et al,26 the
prevalence of pleural plaques observed by at least one reader was
16.2% (n = 70); however, this decreased to 9.8% (n = 45) when
considering consensus readings only. Consensus information was
not given in Rohs et al5 or Larson et al.25

It is especially important to understand the health effects that
result from exposure to LAA (particularly at low levels of exposure)
because exposure may be widespread, and is not confined to the
occupational setting. Records available from the W.R. Grace com-
pany indicate that from 1964 to 1990, more than 6 million tons of
vermiculite concentrate was sent to more than 200 facilities such as
the Western Minerals plant.34 Beyond these occupational settings,
Libby vermiculite was used in a wide range of consumer vermiculite
products (including vermiculite attic insulation, drywall, horticul-
tural soil additive, agricultural products, and laboratory packaging),
creating the potential for widespread exposure. Several studies have
attempted to characterize exposure from various nonoccupational
routes. First, emissions from mining and processing operations may
lead to ambient exposure in the surrounding area. Recent ambient
air monitoring conducted by the Environmental Protection Agency
in the Libby area detected asbestos fibers (albeit at low levels),
even when there had been no disturbance of asbestos-contaminated
material.35 Levels detected ranged from 8 × 10−6 to 1.9 × 10−5 struc-
tures per cc of air (structures/cc)∗. In the area surrounding the facility
in Minneapolis, maximum ambient air concentrations ranged from
2.6 × 10−2 fibers/cc during peak production years (1936 to 1972) to
1.3 × 10−4 fibers/cc in more recent years (1999 to 2001).36

Studies from Libby have documented other routes for nonoc-
cupational exposure, including take-home exposures for workers and
their household contacts, playing with or handling vermiculite ore
and waste rock, and traveling on or playing near the road leading
to the vermiculite mine.27,37 Exposure concentration estimates have
been developed for some of these on the basis of activity reconstruc-
tion performed in Libby31,32; as described, Alexander et al26 used
these estimated ranges for the community study in Minneapolis as
follows: “moving waste rock from plant 0.07–0.14 f/cc [fiber/cc],
using waste rock at home 0.02–0.227 f/cc, installing or removing
vermiculite insulation 0.142–0.568 f/cc, and playing in or around
waste piles at the plant 0.14–1.72 f/cc.” With regard to general pop-
ulation exposure to LAA, one route is through consumer products
containing Libby vermiculite, as noted earlier. Studies have been per-
formed to mimic VAI exposure scenarios that may be experienced [AQ4]

∗These measurements were performed using transmission electron microscopy
(TEM), which yields results in units of structures per cc (structures/cc). In contrast,
the three studies evaluated counted fibers in air samples using phase contrast and
polarized light microscopy, which yields results in units of fibers per cc (fibers/cc).
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by the average homeowner. For example, Ewing et al,38 reported that
the activity of cleaning items in an attic, where VAI is present, led
to personal sample air concentrations of 1.54 fibers/cc; cleaning the
storage area in such an attic led to concentrations of 2.87 fibers/cc.

CONCLUSIONS
This review compared three different studies, conducted

in different populations with varying exposure contexts. Despite
these differences, all three studies found an association between
cumulative inhalation exposure to LAA and increased risk of
LPT, and observed cases even at the lowest ranges of exposure for
each study. Combining information across the three studies shows
that the increased risk is present in a broad cross-section of the
population—although the two occupational cohorts were largely
male, the community study included both men and women, and
a wider age range of participants. Further research is needed to
understand how other population characteristics (eg, demographic
factors, coexisting exposures, and health conditions) may impact
risk of LPT after LAA exposure, and subsequent health outcomes.
Another area for future research is to evaluate the exposure–response
relationship between LAA and pleural abnormalities evaluated by
high-resolution computed tomography, considered to be a more
sensitive and specific tool than conventional radiographs39; high-
resolution computed tomography can also provide insight into extent
of pleural thickening, rather than solely presence or absence. Finally,
further research is needed on health effects that are associated with
LPT, including whether LPT can influence lung function controlling
for the level of asbestos exposure. A more immediate implication
for health care workers is that the presence of LPT and/or pleural
plaques is “ . . . an indication to monitor the patient over time for
interstitial fibrosis.”39 The studies reviewed here show that even
low levels of exposure to LAA are associated with substantial
prevalence of LPT. If such exposure is known or suspected,
health care providers should consider increased vigilance and
monitoring.
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